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(54) Timing calibration and timing calibration verification of electronic circuit testers 



(57) Systems and methods for calibrating the timing 
of electronic circuit testers (1 0) and verifying the timing 
calibration of electronic circuit testers (10) are de- 
scribed. In some embodiments, a calibration reference 
signal is transmitted from the test head (12) directly 
through the load board interface, rather than through ex- 
ternal instruments, so that timing errors associated with 
external wires and cables may be avoided. The timing 
calibration and timing calibration verification functional- 
ity is provided on a single calibration board (60, 150), 



thereby reducing the calibration set-up time relative to 
conventional robot-based calibrators. In addition, a high 
pin count electronic circuit testers (1 0) may be calibrated 
by a calibration board (60, 1 50) that is configured to cal- 
ibrate one subset of the test channels at a time. In some 
embodiments, test channels are connected directly to 
calibration board comparators (156) to avoid the accu- 
mulated signal degradation and the signal path route er- 
rors that may result from transmitting tester channel sig- 
nals through a mechanical relay selection matrix. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to systems and methods 
for timing calibration and timing calibration verification 
of electronic circuit testers. 

BACKGROUND 

[0002] Electronic circuit testers are designed to test 
the performance of a device or an integrated circuit. An 
electronic circuit tester may be used to test finished 
packaged devices and integrated circuits at various 
stages of manufacture of the device or an integrated cir- 
cuit from the initial wafer processing stage to the final 
packaging stage. 

[0003] A conventional programmable electronic cir- 
cuit tester typically includes a test head that is electri- 
cally connected to one or more racks of electronic test 
and measurement instruments (e.g., ac and dc electrical 
signal generators, and signal analyzers, such as an os- 
cilloscope and a network analyzer). The test head typi- 
cally interfaces to a device or an integrated circuit 
through a load board that, in turn, Is connected to a 
probe card (or fixture board). An electronic circuit tester 
typically includes a separate test channel for each ter- 
minal of a device to be tested. Each test channel may 
transmit a test signal to a device terminal or may receive 
and process a device output signal appearing at the de- 
vice terminal. The load board and probe card assem- 
blies provide signal paths between the circuit boards 
that are mounted in the test head and the terminals of 
a device to be tested. In general, the configuration of 
the load board depends on the category (e.g., analog or 
digital) of device or integrated circuit being tested. The 
configuration of the probe card, on the other hand, typ- 
ically is specific to the family of device or integrated cir- 
cuit being tested. The test head may be mounted pivot- 
airy on a dolly or other adjustable support mechanism 
so that the electronic circuit tester may be used to test 
both packaged devices and integrated circuits. 
[0004] A typical electronic circuit tester tests a device 
undertest(DUT) by applying test signals of various logic 
states to DUT input terminals. The states of the signals 
that are produced at DUT output terminals in response 
to the applied test signals are monitored to determine 
whether the DUT is behaving as expected. Each test 
channel includes a tristate driverf or supplying a test sig- 
nal to a DUT input terminal and a comparator for pro- 
ducing output data corresponding to the state of the 
DUT output signal produced at the DUT output terminal. 
A test typically is organized into a succession of test cy- 
cles. A channel may carry out one or more actions dur- 
ing a test cycle, including driving a test signal, tristating 
a test signal, and sampling a DUT output signal and 
comparing the sampled signal to expected states of the 
DUT terminal. Each test channel receives ACTION and 



TIMING data for each test cycle. A formatting and timing 
circuit within each test channel responds to the ACTION 
and TIMING data by producing three control signals: 
TRISTATE, 0 "DRIVE" and "COMPARE." The 

5 TRISTATE signal tristates the channel's driver and the 
DRIVE signal indicates whether the driver's output test 
signal is to be of a high or low logic level. The COMPARE 
signal controls when the comparator samples the state 
of the DUT output signal. The ACTION data input to the 

10 formatting and timing circuit indicates which of the 
DRIVE, TRISTATE, and COMPARE signals are to 
change state during a next test cycle, whereas the TIM- 
ING data indicates the times during the test cycle at 
which those state changes are to occur. 

is [0005] An electronic circuit tester must maintain ex- 
tremely accurate tolerances so that the performance of 
a DUT may be characterized accurately. To this end, the 
timing and formatting circuit within each test channel 
must advance state ehanges in their DRIVE and 

20 TRISTATE output signals and delay state changes in 
their COMPARE output signals from the times indicated 
by their input TlrVilNG data to account for signal path 
delays that are inherent in each test channel. Since the 
drive and compare signal path delays may vary from 

25 channel-to-channel, it is necessary to separately meas- 
ure signal path delays for each channel during calibra- 
tion. 

[0006] The timing calibration of an electronic circuit 
tester may be performed manually with external meas- 

30 urement instruments. For example, voltmeters may be 
used to test voltage levels and oscilloscopes may be 
used to evaluate timing characteristics of each test 
channel of an electronic circuit tester. However, external 
testing of an electronic circuit tester is extremely time 

35 consuming, especially for high pin count electronic cir- 
cuit testers. In an alternative approach, a calibration 
board may be connected to a test head to calibrate an 
electronic circuit tester (see, e.g., U.S. Patent No. 
5,539,305). Typically, an electronic circuit tester is cali- 

40 brated based upon calibration standards, such as opens 
and shorts, that are connected serially to the test con- 
nectors of the test head. One conventional calibration 
method involves serially calibrating the timing of each 
test head pin with respect to a reference signal. The re- 

45 suits of each measurement are stored in a storage de- 
vice, such as a capture memory. After all the of the test 
head pins have been measured, a processor within the 
electronic circuit tester calibrates each test channel 
based upon the data stored in the capture memory. 

50 [0007] In addition to the various timing calibration 
methods that have been proposed, techniques for veri- 
fying the timing calibration of electronic circuit testers 
have been developed. For example, manufacturers of 
electronic circuit testers typically provide a set of built- 

55 in-test (BIT) routines in which the drivers and receivers 
of a single selected pin are calibrated with respect to all 
of the other pins in the system. In accordance with this 
approach, the selected pin is connected to each of the 
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other pins by cables and relays, one at a time. U.S. Pat- 
ent No. 6,192,496 describes another timing calibration 
verification approach in which a specially configured 
DUT board selectively shorts adjacent test channel lines 
together. In this way, each test channel may act as a 
sender and a receiver for a corresponding test channel 
so that the propagation delay of each test channel may 
be tested against the propagation delay of another test 
channel. In another timing calibration verification meth- 
od, the specialized DUT board may be removed from 
the test head, so that each connector pin is disposed as 
an open circuit. This no-load condition results in maxi- 
mum impedance mismatch within the line, and therefore 
maximizes the signal reflection back toward the driver. 
The receiver (companion receiver to the driver) may be 
configured to sense this reflection and, thereby, deter- 
mine the timing of the signal (and therefore the cable 
length) between the driver and the connector pins in a 
time domain refiectometer measurement (TDR) test. 

SUMMARY 

[0008] The invention features novel systems and 
methods for calibrating the timing of electronic circuit 
testers and verifying the timing calibration of electronic 
circuit testers. 

[0009] I n one aspect, the invention features a system 
for calibrating an electronic circuit tester that includes a 
substrate, a connector interface, and a calibration cir- 
cuit. The substrate is mountable on a test head of an 
electronic circuit tester, the test head having a plurality 
of test connectors terminating substantially in a plane. 
The connector interface is disposed on the substrate 
and comprises a plurality of test connector contact pads 
that are exposed for electrical contact with the test con- 
nectors. The calibration circuit is supported by the sub- 
strate and is electrically connected to the connector in- 
terface. The calibration circuit also is operable to con- 
nect test connectors to a source of a calibration refer- 
ence signal and to one or more selected test connectors 
in accordance with protocols for calibrating the electron- 
ic circuit tester to the plane of the test connectors and 
verifying calibration of the electronic circuit tester. 
[0010] Embodiments in accordance with this aspect 
of the invention may include one or more of the following 
features. 

[001 1 ] The connector interface preferably comprises 
one or more calibration reference signal contact pads 
that are exposed for electrical contact with one or more 
test connectors that are electrically coupled to a source 
of a calibration reference signal that is synchronized 
with a clock generator of the electronic circuit tester. 
[0012] In some embodiments, the connector interface 
comprises a plurality of symmetrical test channel sites 
that are distributed over an exposed surface of the sub- 
strate, each test channel site comprising a plurality of 
contact pads that are exposed for electrical contact with 
respective test connectors of the test head. The connec- 



tor interface preferably further comprises one or more 
reference sites each comprising one or more calibration 
reference signal contact pads. The connector interface 
may include multiple symmetrica) sectors each of which 
s comprises a reference site and multiple test channel 
sites. The calibration circuit may be configured to cali- 
brate and verify calibration of a subset of test channels 
corresponding to test connectors that are electrically 
coupled to a single sector of connector interface at a 
time. The substrate may be mountable on the test head 
at different rotational positions to enable timing calibra- 
tion and timing calibration verification of different sub- 
sets of the electronic circuit tester channels. 
[0013] The calibration circuit preferably comprises a 
switching network that is supported by the substrate, is 
electrically coupled to the connector interface, and is op- 
erable to route signals to test connectors. The calibra- 
tion circuit also may include a controller that is electri- 
cally coupled to the connector interface and the switch- 
ing network. The controller may be configured to control 
the operation of the switching network based upon con- 
trol signals that are received from one or more test con- 
nectors that are electrically coupled to the connector in- 
terface! The switching network may comprise one or 
more mechanical relay selection matrices. 
[0014] The system may include an input/output inter- 
face that is supported by the substrate, is electrically 
coupled to the calibration circuit, and is configured to 
transmit signals between the calibration circuit and ex- 
ternal test and measurement instruments. 
[001 5] In another aspect, the invention features a cal- 
ibration system that includes a substrate that is mount- 
able on a test head of an electronic circuit tester, a con- 
nector interface, and a calibration circuit. The test head 
has a plurality of test channel connectors that are cou- 
pled to test channels of the electronic circuit tester and 
one or more calibration reference signal connectors that 
are coupled to a source of a calibration reference signal, 
which is synchronized with a clock generator of the elec- 
tronic circuit tester. The test channel connectors and the 
one or more calibration reference signal connectors ter- 
minate substantially in a plane. The connector interface 
is disposed on the substrate and comprises a plurality 
of test channel contact pads that are exposed for elec- 
trical contact with the test channel connectors, and one 
or more calibration reference signal pads that are ex- 
posed for electrical contact with the calibration refer- 
ence signal connectors. The calibration circuit is sup- 
ported by the substrate, is electrically connected to the 
connector interface, and is operable to connect test 
channel connectors to one or more calibration reference 
signal connectors in accordance with a protocol for cal- 
ibrating the electronic circuit tester to the plane of the 
test head connectors. 

[0016] Embodiments in accordance with this aspect 
of the invention may include one or more of the following 
features. 

[0017] The calibration circuit may be further operable 
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to connect test channel connectors to one or more se- 
lected test channel connectors in accordance with a pro- 
tocol for verifying calibration of the electronic circuit test- 
er 

[001 8] In one embodiment, the calibration circuit com- 
prises a plurality of comparators each of which is con- 
nected directly to a respective contact pad of the con- 
nector interface. In this embodiment, the calibration cir- 
cuit may include a strobing circuit that is configured to 
provide an indication of test channel timing error with 
respect to the calibration reference signal, and a selec- 
tor circuit that is coupled between each of the compara- 
tors and the strobing circuit. The calibration circuit also 
may be configured to route signals sequentially from the 
comparators to the strobing circuit. 
[001 9] In another aspect, the invention features a cal- 
ibration system that includes a substrate, a connector 
interface, and a calibration circuit. The substrate is 
mountable on a test head of an electronic circuit tester, 
the test head having a plurality of test connectors termi- 
nating substantially in a plane. The connector interface 
is disposed on the substrate and comprises a plurality 
of test connector contact pads that are exposed for elec- 
trical contact with the test connectors. The calibration 
circuit is supported by the substrate, is electrically con- 
nected to the connector interface, and comprises a plu- 
rality of comparators each of which is connected directly 
to a respective test connector contact pad of the con- 
nector interface. 

[0020] Embodiments in accordance with this aspect 
of the invention may include one or more of the following 
features. 

[0021] The calibration circuit may include a strobing 
circuit that is configured to provide an indication of test 
channel timing error with respect to a calibration refer- 
ence signal. The calibration circuit also may include a 
selectorcircuit that is coupled between each of the com- 
parators and the strobing circuit and is operable to route 
signals sequentially from the comparators to the strob- 
ing circuit. 

[0022] The calibration circuit preferably is implement- 
ed as an integrated circuit. 

[0023] In another aspect, the invention features an 
electroniccircuit testersystemthat includes a clock gen- 
erator, a calibration reference signal generator, and a 
test head. The calibration reference signal generator is 
configured to generate a calibration reference signal 
that is synchronized with the test channel clock gener- 
ator. The test head defines a plurality of test channels 
and has a plurality of test channel connectors that are 
coupled to the test channels, and one or more calibra- 
tion reference signal connectors that are coupled to the 
calibration reference signal generator. The test channel 
connectors and the one or more calibration reference 
signal connectors terminate substantially in a plane. 
[0024] Embodiments in accordance with this aspect 
of the invention may include one or more of the following 
features. 



[0025] The clock generator and the calibration refer- 
ence signal generator may be disposed on a common 
printed circuit board within the test head of the electronic 
circuit tester system. 
5 [0026] Other features and advantages of the inven- 
tion will become apparent from the following description, 
including the drawings and the claims. 

DESCRIPTION OF DRAWINGS 

10 

[0027] FIG. 1 A is a diagrammatic perspective view of 
an electroniccircuit tester and a probe card mounted on 
a load board that is connected to a test head of the elec- 
tronic circuit tester. 

is [0028] FIG. 1 B is a block diagram of the electronic cir- 
cuit tester of FIG. 1 A with the probe card connected be- 
tween the load board and a device under test (DUT). 
[0029] FIG. 1 C is a diagrammatic cross-sectional side 
view of the test head, load board, probe card, and DUT 

20 of FIG. 1 B. 

[0030] FIG. 1D is a block diagram of components of 
a circuit board defining test channels in the electronic 
circuit tester of FIG. 1A. 

[0031] FIG. 2 is a block diagram of the electronic cir- 

25 cult tester of FIG. 1 A and a calibration board mounted 
to the load board in place of the probe card. 
[0032] FIG. 3 is a diagrammatic perspective view of a 
calibration board that includes a calibration circuit, an I/ 
O interface, and a connector interface that are mounted 

30 on a substrate. 

[0033] FIG . 4A is a diagrammatic top view of the con- 
nector interface of the calibration board of FIG. 3. 
[0034] FIG. 4B is a diagrammatic top view of the con- 
tact pads of a connector site of the connector interface 

35 0 fFIG.4A. 

[0035] FIG. 5 is a schematic diagram of an intra-site 
relay matrix of the calibration circuit of FIG. 3 for one 
connector site of the connector interface of FIG. 4A. 
[0036] FIG. 6 is a schematic diagram of an inter-site 

to relay matrix connecting the outputs of the intra-site relay 
matrices for the sites of one quadrant of the connector 
interface of FIG. 4A to a calibration reference signal con- 
tact pad and a selected verification test channel contact 
pad. 

45 [0037] FIG. 7 is a flow diagram of a method of cali- 
brating the timing and verifying the timing calibration of 
the electronic circuit tester of FIG. 1 A with the calibration 
board of FIG. 3. 

[0038] FIG. 8 is a flow diagram of a method of cali- 
co brating one quarter of the test channels of the electronic 
circuit tester of FIG. 1 A. 

[0039] FIG. 9 is a schematic diagram of a test head 
of an electronic circuit tester and a calibration board that 
is mounted to the test head. 

55 

DETAILED DESCRIPTION 

[0040] In the following description, like reference 
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numbers are used to identify like elements. Further- 
more, the drawings are intended to illustrate major fea- 
tures of exemplary embodiments in a diagrammatic 
manner. The drawings are not intended to depict every 
feature of actual embodiments nor relative dimensions 
of the depicted elements, and are not drawn to scale. 
[0041 J Referring to FIGS. 1 A, 1 B, 1 C and 1 D, and in- 
itially to FIGS. 1 A and 1 B, in one embodiment, an elec- 
tronic circuit tester 10 (e.g., an ATE system available 
from Agilent Technologies, Inc. of Palo Alto, California, 
U.S.A.) includes a test head 12. Test head 12 is electri- 
cally connected by cables that are routed through a con- 
duit 14 to a rack 16 of electronic test and measurement 
instruments (e.g., ac and dc electrical signal generators, 
and signal analyzers, such as an oscilloscope and a net- 
work analyzer). As explained in detail below, a load 
board 1 8 provides a set of test connectors for interfacing 
the test channels within test head 12 with a probe card 
20. Probe card 20, in turn, provides a set of probe con- 
nectors for interfacing with the terminals of a DUT 22. 
In normal operation, input test signals are transmitted 
from the test channels to drive selected terminals of 
DUT 22, and responsive output signals are transmitted 
from selected terminals of DUT 22 to the corresponding 
test channels of test head 12. By controllabfy varying 
the output levels of the input test signals and monitoring 
the responsive output signals, the functional operation 
of DUT 22 may be tested. In addition, electronic circuit 
tester 1 0 may verify whether the components of DUT 22 
are operating within specified tolerance values or rang- 
es. 

[0042] As shown in FIG. 1C, test head 12 contains a 
plurality of printed circuit boards 24 that contain electri- 
cal circuitry that define test channels for testing a device 
or an integrated circuit. Test head 12 also may include 
a test head motherboard 26 that electrically connects 
and supports each of the individual printed circuit boards 
24. Electrical test signals may be routed from the moth- 
erboard 26 to load board 1 8 through pogo pins 28. Load 
board 1 8 physically routes electrical test signals from 
the printed circuit boards 24 to a physical format that 
enables direct interfacing to probe card 20. In some em- 
bodiments, load board 1 8 also may contain test circuitry. 
Probe card 20 may connect to load board 1 8 through a 
plurality of test connectors 30 (e.g., pogo pins or mating 
electrical connectors). Probe card 20 contains conduc- 
tive traces that route electrical test signals from load 
board 18 to a plurality of probe connectors 32 (e.g., 
probe needles). The sets of test connectors 30 and the 
sets of probe connectors 32 are precision manufactured 
so that the connectors of each set terminates in a re- 
spective common plane. 

[0043] Test head 1 2 may include a clock board 34 on 
which is mounted a clock generator 36 and a calibration 
signal generator 38. Clock generator 36 may be a con- 
ventional phase-locked loop based clock generator cir- 
cuit that generates the timing signals for electronic cir- 
cuit tester 10. Calibration reference signal generator 38 



buffers the clock signal produced by clock generator 36 
to produce a calibration reference signal that is synchro- 
nized with the clock signal. In some embodiments, the 
clock signal may have a frequency of about 400 MHz 

s and the calibration reference signal may have a frequen- 
cy of about 3 MHz for calibration and a frequency of 
about 100 MHz for timing calibration verification. The 
calibration signal generator 38 is coupled electrically to 
load board 18 to enable the calibration reference signal 

w to be transmitted directly through the test head load 
board interface for use during calibration and timing cal- 
ibration verification. 

[0044] Referring to FIG. 1 D, each circuit board 24 in- 
cludes a plurality of drivers 40 and receivers 42. The 

15 drivers 40 may be configured to output signals to the 
test connectors 30 of load board 1 8. Typically, there are 
a plurality of pairs 44 of drivers 40 and receivers 42 on 
a single circuit board 24, each pair 44 defining a test 
channel of the electronic circuit tester 10. Each circuit 

20 board 24 also may include a parametric measurement 
unit 46 that is configured to quantify or measure signals. 
In operation, the parametric measurement unit 46 pro- 
vides calibration data for the drivers 40 and receivers 
42. Typically, multiple pairs of relays 48, 50 are config- 

25 ured to route signals to respective pairs of drivers 40 
and receivers 42 of each circuit board 24. In operation, 
relay 48 selectively connects and disconnects the driv- 
ers 40 and receivers 42 from the load board test con- 
nectors 30, and relay 50 selectively connects the test 

so connectors 30 to, for example, parametric measure- 
ment unit 46. 

[0045] Test head 12 may be mounted pivotally on a 
dolly 52 (FIG. 1 A) or other adjustable support mecha- 
nism so that electronic circuit tester 10 may be used to 

35 test both packaged devices and integrated ci rcu its. The 
pivotable connections enable test head 12 to be posi- 
tioned in an approximately upward facing horizontal po- 
sition to enable an operator to mount an appropriate 
load board and probe card to test head 12. Test head 

40 1 2 may be pivoted to a downward facing horizontal po- 
sition to enable probe card 20 to interface with electrical 
terminals of DUT 22 through probe connectors 32. 
[0046] As shown in FIG. 2, the timing of electronic cir- 
cuit tester 1 0 may be calibrated by replacing probe card 

45 20 with a calibration board 60. As explained in detail be- 
low, calibration board 60 is operable to route signals 
through the load board test connectors 30 in accordance 
with one or more prescribed calibration protocols. In ad- 
dition, in some embodiments, calibration board 60 is op- 

50 erable route signals through the load board test connec- 
tors 30 in accordance with one or more prescribed tim- 
ing calibration verification protocols. 
[0047] Referring to FIG. 3, in one embodiment, cali- 
bration board 60 includes a substrate 62, a connector 

55 interface 64 that is disposed on substrate 62, and a cal- 
ibration circuit 66 that is supported by substrate 62. Sub- 
strate 62 may be a multi-level printed circuit board that 
includes atop planar fiberglass layer that defines an en- 
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gagement surface supporting connector interface 64. 
Connector interface 64 preferably includes an annular 
array of copper contact pads that are etched or depos- 
ited on the top layer of substrate 62 in accordance with 
a conventional etching or deposition process. The con- 5 
tact pads of connector interface 64 may be arranged to 
contact the test connectors 30 extending from load 
board 18. Calibration circuit 66 is connected electrically 
to the contact pads of connector interface 64 through 
the multiple layers of substrate 62 by conductive vias io 
that extend vertically through one or more layers of sub- 
strate 62 to serve as inter-layer paths. Calibration circuit 
66 is operable to control the flow of electrical signals to 
and from the load board test connectors 30 based upon 
control signals received from test head 12. -15 
[0048] An input/output (I/O) interface 68 also may be 
mounted on substrate 62. I/O interface 68 is electrically 
coupled to calibration circuit 66 and is configured to 
transmit signals between the calibration circuit 66 and 
external test and measurement instruments in accord- 20 
ance with, for example, a GPIB (General Purpose Inter- 
face Bus) parallel connector protocol. I/O interface 68 
enables an operator to measure delays through the 
channels of calibration board 60. An operator periodi- 
cally may measure such delays to determine whether 25 
the electrical characteristics of calibration board 60 have 
changed over time, in which case the board may be re- 
paired or replaced. 

[0049] As shown in FIGS. 4A and 4B f in one embod- 
iment, the contact pads of connector interface 64 are 30 
arranged into symmetrical sectors 70, 72, 74, 76, each 
of which contains multiple groups of symmetrical test 
channel sites 78 and a reference site 80. In the illustrat- 
ed embodiment, connector interface 64 is divided into 
four quadrants, each of which includes nine test channel 35 
sites 78 and one reference.site 80. As shown in FIG. 4B, 
each test channel site 78 includes a high-density layout 
of contact pads 82 that are exposed for contact with a 
respective test connector 30 of load board 1 8. In the il- 
lustrated embodiment, each test channel site 78 in- 40 
eludes sixty-four test channel contact pads 82. Each ref- 
erence site 80 includes contact pads that are exposed 
for contact with various reference load board test con- 
nectors, including a power connector, a ground connec- 
tor, a calibration reference signal connector, and one or 45 
more control signal connectors. 
[0050] In one embodiment, connector interface 64 in- 
cludes a contact pad for each of the test connectors 30 
extending from load board 18; however, due to space 
constraints, calibration circuit 66 is configured to cali- so 
brate and verify calibration of only a subset of the test 
channels of electronic circuit tester 1 0 at a time. In this 
embodiment, calibration circuit 66 is coupled electrically 
to the contact pads of only one sector 70-76 of connector 
interface 64. In the illustrated embodiment, such a con- 55 
struction enables the calibration board 60 to calibrate 
and verify calibration of one quarter of the test channels 
of electronic circuit tester 1 0 at a time. Calibration board 



60 is mountable on test head 12 at different rotational 
positions to enable timing calibration and timing calibra- 
tion verification of different subsets of the electronic cir- 
cuit tester channels. 

[0051 ] Referring to FIG. 5, the contact pads 82 of each 
test channel site 78 are connected through the layers of 
substrate 62 to a respective input terminal 90 of an intra- 
site switching network 92. Intra-site switching network 
92 is configured to selectively connect each of the con- 
tact pads 82 of a given test channel site to an output 
terminal 94 of the corresponding intra-site switching net- 
work 92. In one embodiment, intra-site switching net- 
work 90 is implemented as a tree matrix of high perform- 
ance mechanical relays each of which operates as a bi- 
directional single-pole double-throw switch that is con- 
trolled by a control signal received from a controller of 
calibration circuit 66. The mechanical relays may be 
mounted to the surface of substrate 62 in accordance 
with a conventional printed circuit board surface mount 
technology (SMT) process. In operation, signals may be 
transmitted from one of the input terminals 90 to output 
terminal 94, and from output terminal 94 to one of the 
input terminals 90. 

[0052] Referring to FIG. 6, the output terminals 94, 96, 
98, 1 00, 1 02, 1 04, 1 06, 1 08, 1 1 0 of the intra-site switch- 
ing networks 92 for the nine test channel sites 78 of a 
selected sector 70-76 of connector interface 64 are con- 
nected to the inputs of an inter-site switching network 
1 1 2. Inter-site switching network 1 1 2 is configured to se- 
lectively connect each of the output terminals 94-1 1 0 to: 

(1) a calibration reference signal connector of the 
reference site 80 in the same sector of connector 
interface 64; 

(2) a selected one of the input terminals 90 of one 
of the intra-site switching networks 92 (e.g., input 
terminal 1 of site 1), which is designated herein as 
the "verification terminal 0 ; or 

(3) or an open connection 114. 

A fiber optic cable connector 1 1 6 (e.g., an SMA connec- 
tor) couples the output of inter-site switching network 
112 to the verification terminal. As explained in detail 
below, by this construction calibration board 60 enables 
each of the test channels of test head 12 to be selec- 
tively connected to a calibration reference signal during 
timing calibration, and to a test channel coupled electri- 
cally to the verification terminal or an open connection 
during timing calibration verification. 
[0053] A controller 118 controls the flow of electrical 
signals through calibration board 60 based upon control 
signals that are received from test head 1 2 through one 
or more of the load board test connectors 30. In partic- 
ular, controller 118 receives serially from test head 12 
control data for implementing a timing calibration or a 
timing calibration verification of electronic circuit tester 
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1 0. In turn, controller 1 1 8 translates the serial test head 
control data into a set of parallel relay control signals 
that prescribe how electronic signals from test connec- 
tors 30 are to flow through the relay matrices of calibra- 
tion board 60. In one embodiment, controller 118 is im- 
plemented as a conventional programmable logic de- 
vice that may be programmed in accordance with a con- 
ventional synchronous, bi-directional serial interface da- 
ta transfer standard (e.g., the MICROWIRE™ serial in- 
terface standard). In general, controller 1 1 8 is not limited 
to any particular hardware or software configuration, but 
rather may be implemented in any computing or 
processing environment, including in digital electronic 
circuitry or in computer hardware, firmware or software. 
Suitable processors include, for example, both general 
and special purpose microprocessors, and specialty-de- 
signed ASICs (application-specific integrated circuits). 
[0054] Referring to FIG. 7, in one embodiment, an op- 
erator may calibrate the timing of electronic circuit tester 
10 with calibration board 60 as follows. Initially, calibra- 
tion board 60 is connected to the load board 18 of test 
head 1 2 at a selected rotational position (step 1 20). The 
timing of a subset (e.g., one quarter in the illustrated em- 
bodiment) of the test channels of electronic circuit tester 
1 0 is calibrated and the timing calibration for the subset 
of test channels is verified (step 122). If all of the test 
channels of electronic circuit tester 10 have been cali- 
brated and the timing calibration has been verified (step 
124), the process is terminated. Otherwise, calibration 
board 60 is rotated (e.g., by 90° in the illustrated em- 
bodiment) into alignment with the next subset of test 
channels to be calibrated and re-connected to load 
board 18 (step 128). The calibration process is repeated 
(step 122) until all of the test channels of electronic cir- 
cuit tester 1 0 have been calibrated and the timing cali- 
bration has been verified (step 124). 
[0055] Referring to FIG. 8, in one embodiment, the 
timing of each subset of electronic circuit tester test 
channels may be calibrated and the timing calibration 
may be verified as follows. The calibration reference sig- 
nal is transmitted to each test channel (step 1 30). In the 
illustrate embodiment, the calibration reference signal 
is received from a test connector contacting a contact 
pad in the reference site 80 of connector interface 64. 
The timing error offset for each test channel is deter- 
mined based upon the transmitted calibration reference 
signal (step 1 32). The timing error offset may be meas- 
ured in a conventional way and stored, for example, in 
a capture memory of test head 12. The determined tim- 
ing error offsets then are applied to each test channel 
(step 134). Next, the timing calibration is verified under 
multiple pulses, multiple voltages, and multiple formats 
in accordance with one or more conventional timing cal- 
ibration verification protocols (step 136). For example, 
edge placement accuracy may be verified and the rise 
time, cable length and error offset for an edge of each 
test channel may be determined in accordance with the 
methods described in U.S. Patent No. 6,192,496, which 



is incorporated herein by reference. If the timing calibra- 
tion for each test channel is successfully verified (step 
138), the process is terminated (step 140). Otherwise, 
calibration board 60 is repaired or replaced (step 142), 

5 and the timing calibration and timing calibration verifica- 
tion process is repeated (step 130). 
[0056] In sum, the above-described embodiments 
provide an efficient and cost effective approach for both 
calibrating the timing and verifying the timing calibration 

10 of electronic circuit tester 10. In particular, by transmit- 
ting the calibration reference signal from test head 12 
through the load board interface rather than through ex- 
ternal instruments, timing errors associated with exter- 
nal wires and cables may be avoided. In addition, be- 

15 cause the timing calibration and timing calibration veri- 
fication may be performed simply by loading calibration 
board 60 to load board 18 at one or more rotational po- 
sitions, the calibration setup time may be reduced sub- 
stantially relative to conventional robot-based calibra- 

20 tors. Also, by being configured to calibrate a subset of 
all of the test channels at a time, these embodiments 
enable the timing of high pin count electronic circuit test- 
ers to be readily calibrated with a calibration board that 
is characterized by a relatively small form factor. 

25 [0057] Referring to FIG. 9, in another embodiment, a 
calibration board 150 controls the flow of electronic sig- 
nals received from the test channels (Ch #1 , Ch #2,..., 
Ch #n) with a calibration circuit 152 that may be imple- 
mented as a single integrated circuit, rather than with 

30 one or more tree matrices of mechanical relays. In par- 
ticular, the timing generator (TG1 ; TG2, ... , TGn) of 
each test channel of test head 1 2 is coupled to a respec- 
tive contact pad of a connector interface 154 of calibra- 
tion board 150. Connector interface 154 may be imple- 

35 mented as a conventional calibration board connector 
interface. Each contact pad, in turn, is coupled directly 
to an input of a respective comparator 156. Each com- 
parator 1 56 compares a test channel signal to a thresh- 
old voltage (V^ to detect edges in the test channel sig- 

40 nal. For high frequency applications, the test channel 
input of each comparator 156 is terminated with a 50 
ohm impedance that is coupled to a termination voltage 
(Vterm)- For low frequency applications, the test channel 
input of each comparator may be unterminated. The out- 

45 put of each comparator 1 56 is coupled to a selector 1 58 
(e.g., a conventional multiplexer circuit), which is con- 
figured to selectively direct one of the comparator output 
signals to the input of a strobe circuit 160 at a time. 
Strobe circuit 1 60 may be implemented as a convention- 

50 al flip-flop strobe circuit, which is clocked by a calibration 
reference signal that is received from calibration refer- 
ence signal generator 38. The output of strobe circuit 
160 is fed through a conventional filter 162 and a con- 
ventional analog-to-digital (A/D) converter 1 64. The out- 

55 put of A/D converter 1 64 is coupled electrically to a sys- 
tem controller 166 of test head 12 through a load board 
test connector30 contacting connector interface 154. In 
operation, system controller 166 measures the timing 
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skew of each test channel based upon the signals re- 
ceived from strobe circuit 1 60 and sets the timing offset 
error of each test channel in accordance with a conven- 
tional timing calibration protocol. 
[0058] In sum, the embodiment of FIG. 9 may be used 
to calibrate the timing of high pin count electronic circuit 
testers at high frequencies (e.g., on the order of about 
2.5 GHz). In particular, because of the direct connection 
of the test channels to the calibration board comparators 
156, this approach avoids the accumulated signal deg- 
radation (insertion loss, rise/fall time and delay error) 
that may result from transmitting tester channel signals 
through the large number stages of a mechanical relay 
selection matrix that would be needed to support a high 
pin count tester. In addition, because the switching com- 
ponents of the embodiment of FIG. 9 may be fabricated 
on a single monolithic semiconductor chip, the charac- 
teristic signal transmission time through the switching 
network to the strobe circuit 160 is short (e.g., on the 
order of 100 picoseconds or less) and the variation in 
signal path for each test channel is small (e.g., on the 
order of 5 picoseconds or less). In this way, the embod- 
iment of FIG. 9 substantially reduces the signal path 
route errors that often are associated with the different 
signal transmission paths through a mechanical relay 
selection matrix for each test channel. 
[0059] Other embodiments are within the scope of the 
claims. 



Claims 



tricalfy coupled to a source (38) of a calibration ref- 
erence signal synchronized with a clock generator 
(36) of the electronic circuit tester (1 0). 

5 3. The system of claim 2, wherein the connector inter- 
face (64) comprises a plurality of symmetrical test 
channel sites (78) distributed over an exposed sur- 
face of the substrate (62), each test channel site 
(78) comprising a plurality of contact pads (82) ex- 

io posed fo r electrical contact with respective test con- 
nectors (30) of the test head (12). 

4. The system of claim 3 , wherein the connector inter- 
face (64) further comprises one or more reference 

*5 sites (80) each comprising one or more calibration 
reference signal contact pads (82). 

5. The system of claim 4, wherein the connector inter- 
face (64) comprises multiple symmetrical sectors 

20 (70, 72, 74, 76) each comprising a reference site 
(80) and multiple test channel sites (78). 

6. The system of claim 5, wherein the calibration cir- 
cuit (66) is configured to calibrate and verify calibra- 

25 tion of a subset of test channels corresponding to 
test connectors (30) electrically coupled to a single 
sector (70, 72, 74, 76) of connector interface (64) 
at a time. 

30 7. a system for calibrating an electronic circuit tester 
(10), comprising: 



1 . A system for calibrating an electronic circuit tester 
(10), comprising: 

35 

a substrate (62) mountable on a test head (12) 
of an electronic circuit tester (1 0), the test head 
(12) having a plurality of test connectors (30) 
terminating substantially in a plane; 
a connector interface (64) disposed on the sub- 40 
strate (62) and comprising a plurality of test 
connector contact pads (82) exposed for elec- 
trical contact with the test connectors (30); and 
a calibration circuit (66) supported by the sub- 
strate (62), electrically connected to the con- 45 
nector interface (64), and operable to connect 
test connectors (30) to a source of a calibration 
reference signal and to one or more selected 
test connectors (30) in accordance with proto- 
cols for calibrating the electronic circuit tester so 
(1 0) to the plane of the test connectors (30) and 
verifying calibration of the electronic circuit test- 
er (10). 

2. The system of claim 1 , wherein the connector inter- 55 
face (64) comprises one or more calibration refer- 
ence signal contact pads (82) exposed for electrical 
contact with one or more test connectors (30) elec- 



a substrate (62) mountable on a test head (12) 
of an electronic circuit tester (1 0), the test head 
(12) having a plurality of test channel connec- 
tors (30) coupled to test channels of the elec- 
tronic circuit tester (10) and one or more cali- 
bration reference signal connectors (30) cou- 
pled to a source (38) of a calibration reference 
signal synchronized with a clock generator (36) 
of the electronic circuit tester (10), the test 
channel connectors (30) and the one or more 
calibration reference signal connectors (30) 
terminating substantially in a plane; 
a connector interface (64) disposed on the sub- 
strate (62) and comprising a plurality of test 
channel contact pads (82) exposed for electri- 
cal contact with the test channel connectors 
(30), and one or more calibration reference sig- 
nal pads (82) exposed for electrical contact with 
the calibration reference signal connectors 
(30); and 

a calibration circuit (66) supported by the sub- 
strate (62), electrically connected to the con- 
nector interface (64), and operable to connect 
test channel connectors (30) to one or more cal- 
ibration reference signal connectors (30) in ac- 
cordance with a protocol for calibrating the 
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electronic circuit tester (10) to the plane of the 
test head connectors (30). 

8. The system of claim 7, wherein the calibration cir- 
cuit (66) is further operable to connect test channel 5 
connectors (30) to one or more selected test chan- 
nel connectors (30) in accordance with a protocol 

for verifying calibration of the electronic circuit tester 
(10). 

10 

9. The system of claim 7, wherein the calibration cir- 
cuit (66) comprises a plurality of comparators (156) 
each connected directly to a respective contact pad 
(82) of the connector] interface (64). 

15 

10. A system for calibrating an electronic circuit tester 
(10), comprising: 

a substrate (62) mountable on a test head (12) 
of an electron ic ci rcu it tester (1 0) , the test h ead 20 
(12) having a plurality of test connectors (30) 
terminating substantially in a plane; 
a connector interface (64) disposed on the sub- 
strate (62) and comprising a plurality of test 
connector contact pads (82) exposed for elec- 25 
trical contact with the test connectors (30); and 

1 1 . a calibration circuit (66) supported by the substrate 
(62), electrically connected to the connector inter- 
face (64), and comprising a plurality of comparators 30 
(156) each connected directly to a respective test 
connector contact pad (82) of the connector inter- 
face (64). 
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